Introduction
R etinopathy of prematurity (ROP) is a retinal vascular disease commonly seen in premature infants. With improved and advanced neonatal care and respiratory support available today, the survival rate of premature babies has increased, exposing these babies to increased risk of ROP. Zone 1 ROP is a severe form of the disease and accounts for 10% to as high as 35% of all the treated ROP cases. [1, 2] It is characterized by rapid progression of the disease from Stages 1 to 3 within a matter of days [3] and has a tendency to progress to retinal detachment with extremely poor visual outcomes if not treated promptly. [4] Both cryotherapy for ROP and early treatment of ROP studies demonstrated poor outcomes in spite of treatment for zone 1 ROP as compared to zone 2 ROP. [1, 2, 5, 6] Current treatment modalities available for this disease include laser indirect ophthalmoscopy, vitreoretinal surgery, and intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF) agents. [6] [7] [8] [9] [10] [11] [12] The present study describes the role of all the current treatment modalities either alone or in combination for management of zone 1 ROP in a real-world clinical practice at a tertiary care center.
Materials and Methods
A retrospective-descriptive analysis of infants diagnosed with zone 1 ROP and referred to a tertiary eye care center in South India was done. The eyes were classified according to the International Classification of ROP. [13] Inclusion criteria were eyes with zone 1 ROP presenting with any stage of the disease with or without the presence of plus disease. Zone 1 was defined as a circle, centered on the disc, whose radius was twice the distance from the disc to the macula. Active zone 1 disease was characterized by abnormal closed-loop shunts and/or flat new blood vessels or presence of a ridge with new vessel formation. Plus disease was characterized by the presence of one or more of the following features: nondilating pupil, persistent tunica vasculosa, vitreous haze, and dilatation or tortuosity of the posterior pole blood vessels. Eyes with zones 2 or 3 diseases were excluded from the study. The infants satisfying the inclusion criteria for zone 1 ROP were treated with laser photocoagulation to avascular retina and/or intravitreal injection of (anti-VEGF) agents and/or underwent surgery according to their stage at presentation. The babies were examined on referral from neonatologists and ophthalmologists and also screened at neonatal intensive care units in various other hospitals. Examination of the infants was carried out after informing and explaining the procedure to the parents. Treatment of these babies was done as per the neonatal forum guidelines, New Delhi. [14] The study was approved by the Institutional Review Board of the Institution, Medical Research Foundation, Chennai, and adhered to the tenets of the Declaration of Helsinki.
Laser treatment was done for active zone 1 disease under topical anesthesia (0.5% proparacaine) in the operation theater in the presence of an anesthetist with continuous monitoring of the heart rate and respiration of the child. Laser guidelines followed the protocols of Jalali et al. [15] Pale white laser burns were applied in the areas of avascular retina extending from the ridge of extraretinal fibrovascular proliferation to the ora serrata, half burn width apart. Laser was applied in multiple sessions if necessary.
The infants were followed up every 3-7 days. Eyes showing progression or incomplete resolution of disease in spite of adequate laser were considered for treatment with intravitreal injection of 0.625 mg in 0.025 ml bevacizumab (Avastin ® ) and/or vitreoretinal surgery if tractional retinal detachment was seen. Intravitreal injections were given using a 30G needle, 1 mm away from the limbus under topical anesthesia and aseptic precautions in the operation theater.
Surgical intervention was done if Stage 4 or 5 ROP was seen with or without vitreous hemorrhage. The surgeries performed were vitrectomy with lensectomy (LV) or lens-sparing vitrectomy (LSV). All surgeries were done under general anesthesia.
Surgical procedure Lens-sparing vitrectomy
Sclerotomies were made for infusion in the inferotemporal quadrant and in the superior nasal and temporal quadrants 1-1.5 mm from the limbus. Vitrectomy was done without base excision using binocular indirect ophthalmomicroscopy. Attachments to fibrovascular proliferation were trimmed. A combination of peeling, delamination, and segmentation was done to remove the preretinal fibrous tissue to the extent possible. The aim of the surgery was to achieve adequate traction relief. No attempt was made to separate the posterior hyaloid from the retina. A 25G chandelier illumination was used for bimanual surgery if required. All sclerotomies were closed with 7-0 vicryl suture.
Lensectomy + vitrectomy
Sclerotomies were made at 10 and 2 o' clock positions, 0.5 mm from the limbus. LV was done. Retrolental membrane when present was opened up in a cruciate manner with a 26G needle and/or curved scissors and forceps from the upper sclerotomies. Viscoelastic was used for posterior membrane dissection when required. An anterior chamber maintainer was used for infusion for better control of intraocular pressure. No attempt was made to drain the subretinal fluid. All sclerotomies were closed with 7-0 vicryl suture.
Babies were followed up periodically and were evaluated for regression in ROP as well as their retinal status. The infants with minimum of 2-month follow-up were included in the study.
Structural outcome
The structural retinal outcome at the final visit was analyzed. A favorable outcome was characterized by an attached retina at the posterior pole with regression of children refused surgical intervention either because of poor visual prognosis or high risk involved in general anesthesia owing to associated systemic problems. All these eyes (23.1%) had a poor final outcome.
Sixty out of 78 eyes underwent treatment in the form of laser, intravitreal bevacizumab, surgery, or a combination of two or all of these modalities. Fourteen eyes (23.3%) showed regression of ROP with laser treatment alone although multiple sittings of laser were necessary (1) (2) (3) (4) . Six (10%) eyes needed anti-VEGF injections in addition to laser and six eyes needed surgery in addition to laser for regression of ROP and favorable outcome. Ten percent of the treated eyes required surgery in addition to both laser and anti-VEGF therapy for regression of ROP and had a favorable final outcome with an attached retina. While good response to therapy was seen in Stage 1 (100%), Stage 2 (100%), and Stage 3 (92.9%), the poor outcomes were associated with advanced Stages of 4 (59.1%) and 5 (33.3%).
Nineteen eyes (31.6%) were treated only by surgical intervention without prior laser or anti-VEGF due to the advanced nature of the disease. Among them, nine eyes had Stage 4 while ten eyes had Stage 5 disease. A favorable outcome was seen in four eyes (44.4%) with Stage 4 disease and three eyes (30%) with Stage 5 disease.
In total, 18 eyes were given bevacizumab. None of the eyes received anti-VEGF as monotherapy. Seven eyes were given anti-VEGF because of inadequate response to laser alone and in two eyes, injections were given before the surgery. Nine eyes needed surgical treatment despite maximal treatment with laser as well as anti-VEGF injections.
The mean follow-up was 12 months (range: 2-48). Of the 78 eyes studied, treatment was given to 60 eyes (77%) in the form of laser, surgery, and/or anti-VEGF agents. Of them, 40 eyes (66.6%) had an attached retina at the final follow-up, indicating a structurally favorable response to treatment. A detached posterior pole was seen in 20 eyes (33.3%) that were treated, indicating an unfavorable structural response in them [ Figure 3 ].
Discussion
Our study demonstrated the anatomical outcomes following treatment in 78 eyes presenting with any stage of ROP with zone 1 disease. Out of the 60 eyes which underwent treatment in the form of either laser, anti-VEGF, vitrectomy, or a combination of any of these, 40 eyes (66.6%) achieved a favorable outcome ROP (regression of plus disease as well as new vessels), while an unfavorable outcome was one in which a detached retina at posterior pole was seen in spite of treatment.
The analysis was done using Microsoft Excel (2007) and
Statistical package for the social sciences (SPSS) software version 15 (SPSS Inc, Chicago, IL, USA).
Results

Demographic details
A total of 78 eyes of 39 infants with zone 1 ROP were analyzed. Out of the 39 babies with bilateral disease, there were 25 males and 14 females. Twenty-five babies were born by normal delivery while 14 were born by cesarean section. Thirteen were born of multiple pregnancies while 26 were single pregnancies. The mean birth weight was 1228.48 (± 392.36) g with nearly 18% of the babies with birth weight ≥1500 g. It is noteworthy that nearly 77% of children with zone 1 disease presented to us late (>6 weeks after birth). The median age at presentation was 9 weeks while the mean gestational age was 28 weeks (range: 24-34). The associated systemic problems are shown in Table 1 . The demographics are summarized in Table 2 . Figure 1 ]. Plus disease was present in 50% of the cases. About 5.2% of the eyes had vitreous hemorrhage at presentation while 33.3% had preretinal hemorrhage. These characteristics have been summarized in Table 3 . The details of the treatment done in various stages of ROP are given in Figure 2 .
Clinical presentation and treatment
Treatment outcomes
Fourteen percent of eyes (two in Stage 4 and nine in Stage 5) were found to be inoperable and 9% of eyes (seven eyes) did not undergo surgery. Of these seven eyes, four were Stage 4 and three were Stage 5. Parents of these Severe ROP in heavier infants has been noted by other authors as well. [20, 21] Our study cohort of zone 1 ROP was characterized by late presentation (in nearly 77% of eyes it was after 6 weeks) of the infants as well as stormy neonatal course including respiratory distress syndrome (RDS) seen in 90% of infants weighing <1500 g and in 85.71% of those who were ≥1500 g at birth. Association of RDS with increased incidence of ROP has been seen by other researchers as well. [22] Vitreous hemorrhage was seen in 5.2% of eyes and preretinal hemorrhage in 33.33%. Fifty percent of the eyes in our study had plus disease, and this was seen more frequently in eyes with Stages 3 and 4 (68.6%), making laser treatment difficult. All these are additional risk factors for severe ROP. [23] Of the 78 eyes studied, treatment in the form of laser, surgery, anti-VEGF agents, or a combination was done in 60 eyes (77%) depending on the retinal vascularity and stage of ROP at presentation, response to initial treatment, and progression despite initial treatment. Fourteen percentage of eyes were non salvageable at presentation because of the advanced stage of disease (Stages 4 and 5). Laser was possible in only 65% of eyes. This reflects the vital time lost in referring and bringing the child to a tertiary care center because of lack of facilities in peripheral areas.
with attached retina at final follow-up. Aggressive posterior ROP (APROP) represents the most aggressive form of disease and timely management inclusive of multiple modalities of treatment can have beneficial outcomes.
India is presently in the third epidemic of ROP. In 2010, India accounted for 10% of worldwide visual impairment from ROP. [16] Phase 2 of ROP is characterized by retinal neovascularization which is caused by hypoxia-induced increase in VEGF that occurs at 32-34 weeks postmenstrual age. [17, 18] In our study, the mean gestational age of the infants was 28 weeks (range: 24-34) and the mean birth weight was 1228.48 (± 392.36) g. This is similar to a study by Jalali et al. on zone 1 babies, in which the mean gestational age was 29.63 weeks (range: 24-36) and the mean birth weight was 1228 g (range: 580-1900). [19] Seven babies (17.9%) in our study weighed ≥1500 g at birth. Laser photocoagulation is the gold standard for treatment of ROP. The milder forms of ROP have a regression rate of up to 94.11% with laser, while more severe forms including APROP may show good regression with laser in only about 54.16% of eyes. [24] Of the 39 eyes that underwent laser photocoagulation in our series, 32 eyes (82%) had a favorable outcome with or without additional anti-VEGF and surgery. To improve the outcome of treatment, many authors have recommended combination treatment with laser photocoagulation and bevacizumab in zone 1 ROP. [25] This combination of treatment has been found to be particularly useful in eyes with severe ROP associated with vitreous or preretinal hemorrhage as seen in more than one-third of our cases. Vitreous hemorrhage is not only a sign of severe ROP but also prevents the adequate laser photocoagulation leading to unfavorable outcomes. [26] Mintz-Hittner et al. in the BEAT-ROP clinical trial showed that bevacizumab had a significant treatment effect for zone 1 ROP (P = 0.003%). [10] They found that the rate of recurrence of zone 1 disease alone was significantly higher with conventional laser therapy (42%) than with intravitreal bevacizumab (6%). Almost 30% of the zone 1 eyes treated in our study required bevacizumab.
None of the eyes in our study were treated with anti-VEGF monotherapy. It is believed that although the initial response with anti-VEGF alone may be remarkable in these eyes, recurrences can be extremely challenging. [27] Considering the distance involved in travel to a tertiary care center, follow-up of these infants was expected to be unpredictable. Hence, a combination of anti-VEGF injections with laser to peripheral avascular retina was given in all cases to prevent future recurrences.
Vitreoretinal surgery resulting in good anatomic and functional outcomes in ROP-related retinal detachment has been reported. [8] About 33% of the eyes could be managed successfully with laser with or without bevacizumab. The others, however, required surgery at some stage. Nineteen eyes (32.2%) underwent only surgery for retinal detachment. Of these, nine eyes had Stage 4 disease, with a favorable outcome being observed in four eyes (44.4%) and an unfavorable outcome was seen in five eyes (55.5%). In a previous study of LSV for Stage 4 ROP from our center, we reported a successful outcome in 74% of cases. [8] In this series, although the numbers are small, successful outcome was seen only in 44%.
Zone 1 is one of the poor biomarkers of the disease and is associated with poor final surgical outcomes. [28] In the other ten eyes which had Stage 5 disease and were treated only with surgery, a favorable outcome was seen in three eyes (30%); poorer outcomes with Stage 5 disease are expected. Bevacizumab is often used as an adjunct to surgery to reduce vascularity and improve surgical outcome [29] as was done in two of our cases.
The highlight of our study is that it represents the entire spectrum of zone 1 ROP from Stage1 to Stage 5. This study presents the real-world scenario of treating zone 1 ROP in a tertiary care center where infants may be brought in late and at various stages of severity.
In such a scenario, a prompt multipronged approach is necessary to treat these infants and salvage them from the unfavorable outcome of complete blindness. Lack of awareness is a major reason for the infants presenting with the aggressive form of ROP. In such situations, the management becomes challenging. We need to come up with more stringent guidelines for screening ROP so as to curb the progression at an early stage. That requires coordination between the pediatricians, ophthalmologists, and the community level health-care providers. Early detection and intervention can help in reducing the burden of childhood blindness.
The study is limited by its retrospective nature, small sample size, and variable follow-up that may not allow significant subgroup analysis. Furthermore, the complexity and heterogeneity of the disease itself may not justify a statistical comparison.
Conclusion
Of the 78 eyes studied, treatment was possible in 60 eyes (75.6%). Of them, 40 eyes (66.7%) had an attached retina at the final follow-up, indicating a structurally favorable response to treatment. An unfavorable structural response was seen in 20 eyes (33.3%). In addition to that, the first presentation at our center in nearly 77% of the eyes was after 6 weeks of birth. Zone 1 ROP is an aggressive disease with a rapid progression if left untreated. At the time of referral, laser was possible in only 50% of the eyes indicating the vital time lost. In some infants, even with advanced disease, the outcomes with early intervention in the forms of laser and intravitreal anti-VEGF agents can be favorable, reducing the need for surgical intervention. There is pressing need to train more personnel not only to screen but also treat ROP so that delays in referral and treatment are minimized.
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